Abstract | Mycobacterium avium subsp. paratuberculosis (MAP) causes Johne's disease, a progressive chronic granulomatous enteritis affecting the domestic ruminants. Dung samples from cattle, sheep and goat were collected from the suspected clinical cases in livestock farms of different regions of Tamil Nadu state, India. All the samples were subjected to IS 900 PCR for the detection of MAP and 45% were found to be positive. All the positive samples were subjected to IS 1311 PCR-REA that confirmed MAP 'Bison type' is most prevalent cause of JD among the domestic ruminants in Tamil Nadu. MAP isolation has been attempted from the tissue samples collected from the animals that were slaughtered being positive for JD. A total of 4 isolates were obtained and were characterized by IS1311 PCR-REA, MAP1506 PCR and sequence analysis which identified the single nucleotide polymorphisms that allow strain typing. One isolate from sheep intestine was identified as "Intermediate type" strain by MAP 1506 PCR-sequence analysis. To the best of our understanding, this is the first report of 'Intermediate type' strain of MAP from sheep from India.
INTRODUCTION

J
ohne's disease ( JD) caused by Mycobacterium avium subsp. paratuberculosis (MAP) affects wide range of hosts and is responsible for significant economic losses to the livestock industry, due to poor productivity, wasting and early culling of animals. MAP strains have been classified into three groups: Type I (Sheep type), Type II (Cattle type) and Type III (Intermediate type) based on IS 900 PCR-Restriction fragment length polymorphism (RFLP), pulsed field gel electrophoresis ( Juan et al., 2005) ; analysis of sequences of gyr A, gyr B and inh A genes (Castellanos et al., 2007) and based on polymorphisms in MAP 1506 locus (Griffiths et al., 2008) . MAP strains isolated from bison in Montana, USA were identified as 'Bison type" based on polymorphisms in insertion sequence IS 1311 by Whittington et al. (2001) who developed a PCR-Restriction Enzyme Analysis (REA) method that differentiate Cattle, Sheep, and Bison type strains of MAP. MAP strains from India have also been identified as belong to 'Bison type' but are different from those of USA and represent a new biotype and have wide host range. Recent reports (Singh et al., 2010; Kaur et al., 2011) have pointed out the existence of 'cattle type/ Type I' strains in cattle, buffalo and goats in north India. Also there is evidence of strain sharing and interspecies transmission among different host species (Pavlik et al., 1999; Whittington et al., 2001 ).
Strain typing can also be achieved by identifying single nucleotide polymorphisms SNPs in MAP 1506 gene locus. MAP 1506 (MACPPE23) is a member of PPE protein family and contains MAP type specific SNPs in its sequence. Proline-Proline-Glutamic acid (PPE) proteins constitute a polymorphic protein family that is restricted to mycobacteria. Previously, these SNPs were targeted to type MAP isolates by Griffiths et al. (2008) and Castellanos et al. (2010) . The objective of the present study was to identify the strain types of MAP affecting the domestic ruminant population in Tamil Nadu, India. An IS 1311 PCR-REA, MAP 1506 PCR and sequence analysis were used to differentiate between MAP isolates from cattle, sheep and goats.
MATERIALS AND METHODS
The study includes a total of 213 dung samples collected from cattle (n=93), sheep (n=68) and goat (n=52) with long term history of emaciation from the organized livestock farms of Tamil Nadu. Intestine samples from cattle (n=4) and a sheep (n=1) were also collected from the animals that were slaughtered after being confirmed as positive for JD. Genomic DNA from the dung and tissue samples was extracted using Quiagen stool DNA mini kit and Quiagen tissue DNA extraction kits, respectively following the manufacturer's instructions.
deteCtion of MaP by is900 PCR
Polymerase chain reaction to amplify a 229 bp product of IS 900 gene was carried out as described by Vary et al. (1990) with few modifications. The reaction mixture (25 µl volume) for IS 900 PCR for each sample include 4µl of DNA template, 12.5 µl of master mix, 1µl each of Forward and Reverse primers (10 pico moles concentration) and 6.5 µl nuclease free water (NFW). The PCR conditions were initial denaturation at 94ºC for 5 min., and 35 cycles of 94ºC for 30 sec., 55ºC for 15 sec., 72ºC for 30 sec., and final extension at 72ºC for 7 min.
is 1311 PCR -Rea foR stRain identifiCation
The samples found positive for MAP by IS 900 PCR were subjected to PCR for amplification of a 608 bp region of IS 1311 gene of MAP and restriction enzyme analysis as described by Marsh et al. (1999) .The reaction mixture for IS 1311 PCR includes 3µl of DNA template, 14 µl of master mix, 1µl each of Forward and Reverse primers (10 pico moles concentration) and 6 µl NFW. The PCR conditions were initial denaturation at 94ºC for 5 min and 35 cycles of 94ºC for 30 sec., 62ºC for 15 sec., 72ºC for 60 sec., and final extension at 72ºC for 7 min. The amplicons of IS 1311 gene were subjected to restriction enzyme analysis using Hinf 1 and Mse 1. Reaction mixture for restriction enzyme analysis includes 8 µl of IS 1311 PCR amplicon, 1 µl each of Hinf 1 and Mse 1 , 1.6 µl each of RE Buffer and bovine serum albumin (BSA) which was made up to 16 µl with NFW.
isolation of MaP and stRain tyPing
Isolation was carried out in Middlebrook 7H9 broth and Herrold's Egg Yolk Medium (HEYM) from all the five tissue samples as per OIE, 2008. The isolates were characterized by IS 900, IS 1311 PCR-REA, MAP1506 PCR and sequence analysis. The sequences of IS 1311 amplicons of all the isolates were analysed for the presence of restriction enzyme sites using NEB cutter.
MaP 1506 PCR
The isolates were characterized by PCR for amplification of 499 bp region of MAP 1506 gene as per the method of Castellanos et al. (2010) and sequence analysis. The sequences were compared with gene sequences of MAP K-10 reference strain and MAA 104 available with the GenBank. Multiple alignment of nucleotide sequence of partially amplified MAP 1506 PCR products was done by CLUSTAL-W method and a phylogenetic tree was drawn by Neighbour-Joining method using MEGA 5 software. The pair wise identity matrix was done in MegAlign software (DNASTAR Inc).
RESULTS
The concentration of DNA extracted from dung samples assessed by Biophotometer Plus (Eppendorf ) ranged from 10-25 µg/ml and DNA from tissue samples ranged from 22-35 µg/ml. (Figure 3 ). 
DISCUSSION
In the present study clinical samples (dung and tissues) were screened by IS 900 PCR as this insertion sequence is found to be specific for this subspecies and being present in 14-18 copies in the MAP genome offers high sensitivity of detection by PCR (Green et al.,1989; Bull et al., 2000; Vansnick et al., 2004) .
Identification of MAP strains prevailing in a geographical region helps in tracking the origin of infection, the risk factors contributing its transmission, pathogenecity and helps in designing the control programmes (Motiwala et al., 2006) . Several molecular techniques have been developed by scientists to characterize MAP strains. IS 900-RFLP (Pavlik et al., 1999) , Pulsed field gel electrophoresis analysis (Stevenson et al., 2002; Juan et al., 2005) (Sevilla et al., 2005; Sohal et al., 2009) .Keeping in view these facts, in the present study IS 1311 PCR and restriction enzyme analysis using Hinf 1 and Mse 1 which can distinguish MAP strains into Cattle type, Sheep type and Bison type were employed to identify the prevalent MAP strains directly from the clinical samples in Tamil Nadu, India. In the current study, it was found that, in all the cases of JD the strain of MAP involved is of 'Bison type' except in one case which was identified as 'Sheep type' indicating the heterogeneity of MAP in cattle and sheep.
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The results of this study are in accordance with the observations of Sevilla et al. (2005) , Singh et al. (2010) and Kaur et al. (2011) The present results are in agreement with Castellanos et al. (2010) and Griffiths et al. (2008) , and also in concurrence with the results of IS 1311 PCR-REA results. It is found that the isolate from Ooty sheep is of 'Intermediate type' and is more closely related to MAA based on SNPs in MAP 1506 locus. This finding is in agreement with the finding of Whittington et al. (1998) who reported that 'S' strains are evolutionary intermediates between MAA and MAP cattle strains based on SNPs in IS 1311 gene. The same was proved in this study through the phylogenetic analysis of IS 1311 genes of the isolates. SNPs have been frequently targeted in epidemiological and evolutionary studies to differentiate between closely related species and strains of bacteria. However, strain typing based on SNPs can be more meaningful when they target SNPs in the functional coding regions of the gene, especially those linked with host specificity.
In the present study, when comparing the results of IS 1311 PCR-REA with published data it is evident that "bison type" MAP stains are prevalent and are the major cause of JD among livestock in Tamil Nadu. However, the possibility of existence of other types cannot be overlooked which is evident from the findings of this study. Sheep/ Intermediate strains may be under reported owing to their extremely slow growth rate which precludes their isolation in culture. Further investigations with large number of isolates are required to understand the epidemiological distribution and significance of the MAP types.
